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DETAILS 



1. 



Name of the Invention 



BELT DRIVE 



2. Scope of Patent Application 

(1) In a belt drive, the power of the crank pulley is conveyed to a cam pulley 
via a belt This belt drive is characterized by an eccentric intermediate 
pulley that rotates at the same frequency as the crank pulley when the 
latter rotates irregularly. The eccentric intermediate pulley is situated such 
that the phases of the crank pulley's irregular rotational frequency and the 
intermediate pulley's irregular rotational frequency due to its eccentricity 



3. Detailed Description of the Invention 
. [Scope of Industrial Applications] 
This invention relates to a belt drive that can be used in precision motor 
technology applications, such as office computer equipment and industrial 
equipment. 

[Previous Technology] 

F£gi=™ 7 asd S illustrate examples of previous belt dnves that activate a cam 
puiiey by tfansntittiiig the rotational force cf is crzzk puHey to the cam puiiey 
vi?. « hefc In Figure 7, the rotational force of the crank puiiey i is conveyed to the 
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belt 2, which drives the cam pulleys 3 and 4. On the other hand, in Figure 8, the 
rotational force of the crank pulley 1 is conveyed to 2 belts 2. Each belt 2 drives 
the cam pulleys 3 and 4 respectively. This belt drive also has a tightener 5. 
However, there is a deficiency in the mechanism described. in Figure 7. The cam 
pulley 3 S which rotates upwards towards the crank pulley l t acts as an 
intermediate pulley for the cam pulley 4, towards which the crank pulley rotates 
downwards. If there is eccentricity in the cam pulley 3, the variance in the track 
of the belt 2 is absorbed by the tightener 5. Hence, as shown by the dotted line in 
Figure 7, if the cam pulley 3 has an outward eccentricity measuring Ar, the 
tightener 5 will shift outwards by that distance, and the rotational velocity of the 
cam pulley 4 will increase by Av. Consequently, whenever a precision drive is 
required, the mechanism described in Figure 8 is normally employed to avoid an 
intermediate pulley intervening between the crank pulley 1 and the cam pulleys 3 
and 4. 

[Problems That the Invention Attempts to Solve] 

The purpose of a belt drive is to impart the crank pulley's rotation precisely to the 
cam pulley. When precise rotational motion excluding any irregularity in the cam 
pulley's rotation is required, the optimization of the rotational precision of the 
crank pulley itself becomes essential. However, improving the precision of a belt 
drive, including the crank pulley, is very costly. Therein lies the deficiency of 
the previous teshaelegy. 
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Hence, this invention attempts to achieve high precision rotational motion by 
absorbing the crank pulley's rotational irregularity without the use of an 

expensive high-precision belt drive. 
[Methods Used to Solve the Problems] 

(2) In order to solve the above-described problem, this invention is designed 
in the following manner. In a belt drive, the power of the crank pulley is 
conveyed to a cam pulley via a belt. This belt drive is characterized by an 
eccentric intermediate pulley that rotates at the same frequency as the 
crank pulley when the latter rotates irregularly. The eccentric intermediate 
pulley is situated such that the phases of the crank pulley's irregular 
rotational frequency and the intermediate pulley's irregular rotational 
frequency due to its eccentricity, cancel each other out at the belt's tight 
side. 

*"^^,,-v r — „i 

When the intermediate pulley is deliberately made to rotate at the same 
frequency as the irregular rotational frequency of the crank pulley, the 
phase of each rotational irregularity is reversed, resulting in the 
moderation of the crank pulley's irregular rotations. In this manner, 
precise rotational motion is achieved with a low-cost mechanism. 
[Actual Examples] 

So?«s sxsnspies of this invention are described below with the aid of 
diagrams. 
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Figure 1 illustrates an example of this invention. In this belt drive, precise 
movement is required of the cam pulley 4. The belt 2 conveys the power 
of the crank pulley 1 to the cam pulley 4. On the tight side of the belt (the 
side that moves upwards in the direction of the crank pulley's rotation), an 
intermediate pulley 6 is installed to absorb the rotational irregularity of the 
crank pulley 1 . The tightener S is the same as in Figures 7 and 8. 
The intermediate pulley 6 is designed to act as an idler that bears no load 
or to drive a load that does not require precision in rotational irregularity. 
Moreover, it is deliberately designed to be eccentric, with a pitch that 
causes it to rotate at the same frequency as the main component of the 
irregular rotational frequency of the crank pulley 1. It is also designed to 
have a reverse phase. In this actual example, the pitch diameters of the 
crank pulley 1 and the intermediate pulley 6 are identical, thus enabling 
uio ists^icdicis pidlsy to co™ter?xt each rotational irregularity of the 
crank pulley 1. 

In the following section, the operational principles of the above-described 
belt drive are explained with the aid of Figure 2. 

In Figure 2(A), the rotational irregularity of the cam pulley 4 that is caused 
by the rotational irregularity of the crank pulley 1 is represented in the 
form of sine waves. In the past, this irregularity could only be eliminated 

by improving the rotational precision of the drive mechanism, including 
the crank pulley 1 . In the figure, T represents tbe time interval of i cycle. 
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Figure 2(B) illustrates the state of the rotational irregularity deliberately 
caused by the eccentric intermediate pulley 6 situated between the crank 
pulley 1 and the cam pulley 4. The solid line represents the identical 
phase, while the dotted line represenss the reverse phase. The size of the 
irregularity is determined by the degree of eccentricity, while the 
frequency is determined by the rotational frequency of the intermediate 
pulley 6. Moreover, since the crank pulley 1 and the intermediate pulley 6 
are connected by the belt 2, the phase of the rotational irregularity due to 
the crank pulley 1 is determined by the angle at which the intermediate 
pulley is installed in relation to crank pulley 1 . 

Figure 2(C) represents the state of the rotational irregularity resulting in 
the cam pulley 4 when the rotational irregularities shown in Figure 2(A) 
and (C) are combined. Each time the phase angle shifts 130°, the 
irreg^*ritie« reinforce each other, or moderate each other. 
Accordingly, this invention enables the moderation and absorption of the 
rotational irregularity of the crank pulley 1 and the precise transmission of 
rotational force to the cam pulley 4, by installing the intermediate pulley 6 
on the tight side of the belt 2, between the crank pulley 1 and the cam 
pulley 4. The intermediate pulley 6 is caused to rotate at the same 
irregular rotational frequency as that of the crank pulley 1, and the phases 
of the respective rotational irregularities are reversed. 
Fig*jrs 3 illustrates m actual experimental model thai moderates the 
above-described rotational irregularity of the crank pulley 1. Two 
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intermediate pulleys 6, 6* are situated at the tight side of the belt 2, 
between the crank pulley 1 and the cam pulley 4. Both crank pulley 1 and 
the intermediate pulley 6 have the same frequency of L25Hz, while the 
intermediate pulley 6* has a frequency of 2.75Hz and the cam pulley 4 has 
a frequency of 0.5H2. 

Figures 4(AHG) show the phase angle every 45° between the crank 
pulley 1 and the intermediate pulley 6 in the above-described actual 
model. Figures 5(A)-(G) show the state of the rotational irregularity at 
each angle. Figure 6 is an enlargement of Figure 5(G), which is 
representative of Figures 5(A)-(G). Section 4a represents the rotational 
irregularity resulting in the cam pulley 4 caused by the crank pulley 1 and 
the intermediate pulley 6, while Section 4b represents the rotational 
irregularity resulting in the cam pulley 4 caused by the intermediate pulley 
6\ 

As clearly shown by Figures 4-6, by causing the rotational irregularities of 
the crank pulley 1 and the eccentric intermediate pulleys 6, 6' to cancel 
each other out, high-precision rotational motion can be achieved, even 
with a low-cost and low-precision drive. 

An idler is commonly used in a belt drive. Even if the idler is not 
deliberately made to be eccentric, by its very nature, it eventually becomes 

or less eeeestrie. Furthermore, there are times when it is installed in 
such a way Uia^ m its phase adjustment with the crank pulley, the ph*se is 
reversed by chance. However, the main characteristic of this invention is 
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the deliberate installation of an intermediate pulley that is intentionally 
made to be eccentric in order to suppress rotational irregularity between 
the crack pulley and the cam pulley. 

In the actual example of Figure 1, one intermediate pulley is placed 
between the crank pulley and the cam pulley. In the actual model of 
Figure 3, two intermediate pulleys are used The number of intermediate 
pulleys used is optional. As long as the main principles of this invention 
are respected, various modifications are, of course, possible. 
[Effectiveness of the Invention] 

In the belt drive of this invention as described above, an eccentric 
intermediate pulley is installed on the tight side of the belt, between the 
crank pulley and the cam pulley. It rotates at the same frequency as that of 
the crank pulley's irregular rotation. The installation of at least 1 
intcrnicdiatQ pzllcy cr^ssc the r^ftis! ph^e reversal of both rotational 
irregularities. Thus, the intermediate pulley moderates and absorbs the 
crank pulley's rotational irregularities. In this manner, high-precision 
rotational motion can be achieved without using an expensive high- 
precision drive. This invention offers a low-cost drive providing those 
superior benefits. 

[Brief Description of the Diagrams] 

Figure ! shows the outline of an actual example of the belt drive in this 
invention. Figure 2 illustrates various states of rotation*! irregularity* (A) 
the rotational irregularity in the cam puiiey caused by the crank puliey, (B) 
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the rotational irregularity in the cam pulley caused by the intermediate 
pulley; and (C) the result of combining (A) and (B). Figure 3 shows an 
actual model of the invention. Figures 4(A)-(G) illustrate the phase angle 
every 45° between the crank pulley and the intermediate pulley. Figures 
5(A) (G) illustrate the magnitude of the irregularities actually measured in 
the cases of Figures 4(A>(G). Figure 6 is an enlargement of Figure 5(G), 
while Figures 7 and 8 are simplified diagrams respectively showing 
examples of previous belt drives. 

1 - Crank pulley 

2 - Belt 

4 - Cam pulley 

6, 6' - Intermediate Pulleys 

PATENT APPLICANT: 
Ricoh Co. Ltd. 

-0- 
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